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Potential Energy of Deformation

We use the macroscopic-microscopic method introduced by
Swiatecki and Strutinsky:

Epot (Shape) — Emacr (Shape) + Emicr (Shape) (1)
The macroscopic term is calculated in a liquid-drop type

model (for a specific deformed shape).

The microscopic correction is determined in the following
steps

1. A shape is prescribed

2. A single-particle potential with this shape is generated.
A spin-orbit term is included.

. The Schrodinger equation is solved for this deformed
potential and single-particle levels and wave-functions

are obtained

. The shell correction is calculated by use of Strutinsky’s
method.

. The pairing correction is calculated in the BCS or
Lipkin-Nogami method.




Shape Parameterizations

For small distortions we use multipole expansions, for

example the 8 parameterization:
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For large deformations near the outer saddle in the actinide
region or beyond we use the three-quadratic-surface

parameterization:
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In fission, what are the shapes and related energies
iInvolved in the transition from a single ground-state
shape to two separated fission fragments?
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From: Nucl. Phys A469 (1987) 1
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From: Journ. Phys. G: Nucl. Part. Phys. 20 (1994) 1681
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Five Essential Fission Shape Coordinates

< Q, >

45 Q, ~ Elongation (fission direction)

1DS d ~ Neck

1DS g, ~ Left fragment deformation

1DS €., ~ Right fragment deformation

SDS oy ~ (M1-M2)/(M1+M2) Mass asymmetry

[1 5315 625 grid points — 306 300 unphysical points
[0 5009 325 physical grid points




Fission-Barrier Height (MeV)
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Proton Number Z

Calculated Fission-Barrier Height
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Brownian shape motion

Five Essential Fission Shape Coordinates

Nuclear deformation energy: E,.(i,j,k,/,m)

Bias potential: V, (i) = V, (Q,/Q,)

Level density parameter: a, = A/(8 MeV) _

= %5 Q, ~ Elongation (fission direction)
] —/— %5 g~ (M1-M2)/(M1+M2) Mass asymmetry
Tem peratu re 7'.. E*_ Edef - aA TZ X — k —— 1@? g, ~ Left fragment deformation

|
|

®

g, ~ Right fragment deformation

d ~ Neck
= 5315 625 grid points - 306 300 unphysical points
= 5009 325 physical grid points

e
(6]

=> V(x) = E s + V,,

ias

P. Moller et al, Nature 409 (2001) 785

Metropolis walk: N. Metropolis et al, J Chem Phys 26 (1953) 1087
V(x’) < V(x): move with P =1

Ch hape: x —> ' ? ’
ange shape: ¥ X { V(x ') > V(x): move with P = exp(-AV/T)

Scission: Critical neck radius ¢, = 2.5 fm

JR: NPF 2010
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